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ENTRICULAR dilatation within hours or a few days after aneurysmal subarachnoid hemorrhage (SAH), with dramatic improvement of consciousness following immediate drainage of cerebrospinal fluid (CSF), was reported in three different studies in the early 1970's. 6"j~'j2 Despite the advent of computerized tomography (CT), the subject has received little attention since then, and one large retrospective study all but dismissed acute hydrocephalus as a clinical problem, j8 Only recently has acute hydrocephalus again been recognized as a grave prognostic factor, although clinical details were not available in that study. 9 In this paper, we report the incidence, clinical features, and outcome of acute hydrocephalus in a prospective series of patients with a ruptured intracranial aneurysm.
Clinical Material and Methods

Diagnostic Criteria
From November, 1977, to December, 1982, we prospectively studied 174 consecutive patients who met the following criteria: 1) symptoms and signs of SAH were present; 2) clinical examination and CT scanning were performed within 72 hours of the first symptoms; and 3) the presence of an aneurysm was proven by angiography (107 patients) or autopsy (23 patients), or strongly suggested by the pattern of basal hemorrhage on CT scans (44 patients), j7 Angiography was not undertaken in the last group because surgical treatment of the aneurysm was contraindicated by age (over 65 years), by an impaired level of consciousness, or by ischemic cerebral deficits. We excluded patients who died within 24 hours of the hemorrhage. All patients were entered into a double-blind placebo-controlled trial of tranexamic acid as a means of preventing rebleeding. ~9 The level of consciousness was assessed by means of the 14-point Glasgow Coma Scale (GCS). 16 Computerized tomography scanning was carried out on admission and was repeated every week for 1 month; it was also performed within 6 hours of any clinical deterioration. A diagnosis of rebleeding or infarction was confirmed by comparing the CT scanning or au- topsy results with the findings on the previous CT scan. 2~ 
Measurement o f Ventricular Size
As a linear measurement of ventricular size, we used the bicaudate index: that is, the width of the frontal horns at the level of the caudate nuclei, divided by the corresponding diameter of the brain (Fig. 1) . In some patients the ventricles were dilated to such an extent that this measurement could be made in two adjacent J. van Gijn, et al.
CT sections. We then chose the section that included the foramina of Monro or, if the foramina were between two sections, the mean value of the bicaudate index was used. The results of two studies of subjects in different age groups and without neurological disease 3'7 allowed the definition of the upper limits of normal (95th percentile) for the bicaudate index: 0.16 at age 30 years or under, 0.18 at 50 years, 0.19 at 60 years, 0.21 at 80 years, and 0.25 at 100 years. For the purpose of this study, the upper limits were interpolated for each half decade, and the bicaudate index on each initial CT scan (Day 0 to 3 following hemorrhage) was converted into a relative size. For instance, if a 62-yearold patient had a bicaudate index of 0.18, the relative size was calculated by dividing this figure by the upper limit for age 60 (0.19), which gives 0.95.
Severity of Hemorrhage
The amount of intraventricular blood on the initial CT scan was graded separately for each ventricle on a scale of 0 to 3, as follows: 0 = no blood; 1 = sedimentation of red blood cells in the posterior part; 2 = ventricle partly filled with blood; and 3 --ventricle completely filled with blood. The extent of the cisternal hemorrhage on the initial CT scan was similarly graded from 0 to 3 for each of the following 10 cisterns: frontal interhemispheric fissure, quadrigeminal cistern, and the paired suprasellar cisterns, ambient cisterns, basal Sylvian fissures, and lateral Sylvian fissures. Three of the authors separately graded all the initial CT scans in this manner. Differences in judgment were settled by "majority vote" or, in a few cases where this was not possible, by a joint review. 
Statistical Analysis
Distributions in 2 x 2 tables were analyzed with the chi-square test (with Yates' correction if the total was less than 100), and with Fisher's exact probability test if the expected n u m b e r in any cell was less than five. Combined 2 x 2 tables were analyzed with the MantelHaenzel test.
Results
Incidence of Acute Hydrocephalus and Predisposing Factors
In 34 (20%) of the 174 patients, ventricular size on the initial CT scan exceeded the age-corrected 95th percentile (Fig. 2 left) . Table 1 shows the age, sex, site of ruptured aneurysm, and time to admission for patients with and without hydrocephalus. None of the differences between these two groups was statistically significant.
The extent of cisternal hemorrhage was not associated with the presence of acute hydrocephalus (Fig. 2  center) . In contrast, intraventricular hemorrhage occurred more often in patients with acute hydrocephalus, but not in all of them (Fig. 2 right) . A score of 2 on the grading scale of intraventricular blood usually represented sedimentation of red blood cells in the dependent parts of the ventricular system. Higher scores indicated frank intraventricular hemorrhage, which was found in 22 of the 34 patients with acute hydrocephalus versus 25 of the 140 patients with normal ventricular size (p < 0.001).
Clinical Features on Admission
The level of consciousness at the time of initial CT scanning was impaired in 30 of the 34 patients with acute hydrocephalus; on average, the larger the ventricles the greater was the impairment, although there were some striking exceptions (Fig. 3) . Sixteen patients had been awake and oriented for a short time after the hemorrhage, and then gradually passed into various degrees of unresponsiveness within 1 day (13 patients) or 2 days (three patients). In I 1 patients consciousness had been depressed from the onset, and in three patients the course of events was not known because they had been alone at the time of hemorrhage.
Small nonreactive pupils were found in nine patients with acute hydrocephalus, four of w h o m also showed persistent downward deviation of the eyes; all other brain-stem reflexes were intact. All nine patients with nonreactive pupils had a relative ventricular size of more than 1.20 and were in coma; that is, they did not open their eyes, did not obey commands, and did not utter words (GCS score of 7 or less; Fig. 3 ). When the occurrence of pupillary abnormalities was compared with a history of deteriorating consciousness, six patients displayed both characteristics, l0 showed progressive stupor without pupillary signs, and three had small nonreactive pupils without a history of gradually developing c o m a (the clinical course was unknown in two of these three patients). Three patients with acute hydrocephalus showed papilledema on admission, within 24 hours of the hemorrhage; two of these had nonreactive pupils. J. van Gijn, et al. 
Clinical C o u r s e A f t e r Ventricular D r a i n a g e
N i n e patients with acute hydrocephalus u n d e r w e n t v e n t r i c u l a r drainage within 2 weeks. In six o f these patients, shunts with an external catheter were placed within 72 hours of the hemorrhage; these were replaced a few days later by a ventriculoatrial (VA) shunt. The other three patients had VA s h u n t s placed in the 2nd week. Table 2 shows that s h u n t e d patients were, on average, in a worse clinical c o n d i t i o n a n d had larger ventricles t h a n u n o p e r a t e d patients. It should be emphasized that the indications for surgical drainage changed d u r i n g the study period: of the n i n e patients who were in c o m a with small fixed pupils a n d a relative ventricular size of more t h a n 1.20, only the last five patients u n d e r w e n t s h u n t i n g within 72 hours.
O f the n i n e surgical patients, the CSF pressure on insertion of the ventricular catheter was higher than 20 c m H 2 0 in two patients, below this level in five, and not recorded in two. Despite this, the clinical response to CSF diversion was always immediate a n d often dramatic. All five patients who did not open their eyes, obey c o m m a n d s , or speak (GCS score of 7 or less) did so within 1 or 2 days after early ventriculostomy, when their GCS score had i m p r o v e d to 12 or 13. In the same interval they also regained pupillary light reflexes. In the other four surgical patients the level of consciousness was moderately impaired (GCS score of 9 to 13), and became n o r m a l within 1 day in the patient who was operated on early, a n d within 2, 2, a n d 10 days in the three patients who had s h u n t placement in the 2 n d week. The size of the ventricular system had markedly decreased in all six patients who u n d e r w e n t a repeat CT scan d u r i n g this period of clinical i m p r o v e m e n t .
After 1 m o n t h , however, eight of the nine s h u n t e d patients had died (Table 3) , four from infarction a n d four from rebleeding 3, 4, 8, and 10 days after drainage (Fig. 4) . A n e u r y s m surgery had not yet been u n d e r t a k e n in any of the shunted patients. Three of the four rebleeds after shunting occurred in the first 2 weeks after the initial hemorrhage. All three episodes of rebleeding occurred in patients randomized to receive placebo treatment instead of tranexamic acid. Analysis of the relationship between shunting and rebleeding during the first 2 weeks in a subgroup of 15 patients with acute hydrocephalus who were not treated with antifibrinolytic agents or aneurysm surgery showed that three of four shunted patients suffered a rebleed, versus one of 11 patients without a shunt. The difference is suggestive, but as the numbers are small it does not reach statistical significance on two-sided testing (p = 0.06).
Clinical Course Without Ventricular Drainage
In 25 patients acute hydrocephalus was not treated surgically, at least not during the 1 st month. The clinical course in this period could be categorized into five types (Groups A to E, Table 3 ). In four patients (Group A) the level of consciousness was normal on admission, and remained so after 1 month. One of these four patients had suffered a documented hemorrhage 5 years before. Ventricular size remained constant in three patients and increased in one, with only temporary disorientation. In two patients, the aneurysm was successfully clipped after 1 month.
Of the 21 patients with impaired consciousness in whom acute hydrocephalus was treated conservatively, none underwent aneurysm surgery. In four of these patients (Group B) the level of consciousness remained largely unchanged (a GCS score of 12 in three patients, and of 5 to 7 in the other). One patient died suddenly within the 1st month from an extracranial complication, and three underwent shunting after 1 month because of a further increase in ventricular size. Progressive deterioration (Group C) occurred in five patients. All five died, three from cerebral infarction and two from the combined effects of hydrocephalus and extracranial causes. Eight patients (Group D) improved spontaneously, but then deteriorated. The cause of secondary deterioration was rebleeding in two patients (both died) and cerebral infarction in six (four of whom died, Fig. 5 ). Finally, spontaneous and sustained improvement (Group E) occurred in four patients.
A spontaneous decrease in ventricle size of more than 20% was found on serial CT scanning in six of the 12 patients who showed clinical improvement, at least initially (Groups D and E); in one patient, spontaneous collapse of the ventricles was accompanied by the development of bilateral subdural hematomas. A decrease of ventricular size did not occur in any of the nine patients without clinical improvement (Groups B and C), except as a result of widespread infarction and edema.
Acute Hydrocephalus and Cerebral Infarction
The 20 deaths within the 1 st month after SAH among the 34 patients with acute hydrocephalus (59%) signifi-FIG. 5. Computerized tomography scans in a 59-year-old woman. Top Row: On Day 0 (the day of hemorrhage) the patient's Glasgow Coma Scale (GCS) score was 10. Cisternal and intraventricular hemorrhage suggests rupture of a basilar artery aneurysm. Ventricular size is 1.5. Center Row: On Day 7, after she had spontaneously improved to a GCS score of 13, she deteriorated to a score of 5, with right hemiplegia. The ventricular size was 0.8, and infarction can be seen in the territory of the left middle cerebral artery. The increased density of the blood in the posterior horns was caused by sedimentation, by the decrease in ventricular volume, and perhaps also by abnormal cerebrospinal fluid circulation. Lower Row: On Day 14, the day of death, additional and extensive infarction was visible in the right hemisphere, with ventricular shift to the left.
cantly exceeded the mortality rate in the patients without acute hydrocephalus (49 of 140 cases, or 35%; p < 0.02). The higher mortality rate was exclusively caused by cerebral infarction: 11 patients with acute hydrocephalus had fatal infarcts (32%) versus 12 (9%) of the 140 other patients (p < 0.00 l). Non-fatal infarcts were as c o m m o n in patients with acute hydrocephalus (six of 23 cases, or 23%) as in the other patients (28 of 128 cases, or 22%).
The mean interval from hemorrhage to death due to infarction was 12 days for the 11 patients with acute hydrocephalus and l0 days for the other 12 patients. Computerized tomography scanning near the time of death or autopsy was performed in nine of the 11 patients with infarction after acute hydrocephalus, and in all nine of these patients the ventricular system had become markedly compressed by ischemic brain swelling (Fig. 5) . The occurrence of fatal infarction did not depend upon the degree o f ventricular dilatation, the absence of pupillary reflexes, or the level of consciousness on admission (Fig. 3) .
To investigate the nature of the relationship between acute hydrocephalus and fatal cerebral infarction, we studied the occurrence of other factors that have been associated with cerebral infarction after SAH. The a m o u n t of cisternal hemorrhage in patients with acute hydrocephalus (Fig. 2 center) is also shown in Fig. 6 , which gives the distribution of patients who died following infarction. The distribution is similar to that in patients who survived or who died from other causes.
Antifibrinolytic treatment (tranexamic acid, 6 gm/ day during the 1 st week and 4 gm/day for the 3 subsequent weeks) was given to 86 of the 174 patients in this study. Fatal infarction occurred in 19% of these patients, as opposed to 8% of the patients treated with placebo (p < 0.05; Table 4 ). The presence of acute hydrocephalus increased the incidence of fatal infarction in both these groups (p < 0.001).
Hyponatremia was defined as a sodium level below 135 raM/liter on at least 2 consecutive days, in the absence of hyperlipidemia or paraproteinemia. Because sodium levels were measured at least three times a week in only the last 133 patients in the series, we confined the analysis of the correlation between hyponatremia and infarction to this group (Table 5) . A significant correlation was found between hyponatremia and fatal infarction (p < 0.01), and also between hyponatremia and acute hydrocephalus (p < 0.05). In contrast, there was no significant correlation between acute hydrocephalus and fatal infarction in patients without hyponatremia.
The role of vasospasm could not be adequately assessed in this study, since angiography was performed in only 61% of the patients, and never at the time of recent cerebral ischemia.
Discussion
Acute hydrocephalus was c o m m o n in our series (20%) and was almost invariably associated with impaired consciousness. These findings contrast with the large retrospective study of Vassilouthis and Richardson,~8 who used comparable criteria. The most probable explanation for this difference is that we studied almost the entire spectrum of early admissions for SAH and did not confine ourselves to a surgical series that is inevitably biased toward patients in good clinical condition. We suspect that many patients with acute hydrocephalus after aneurysmal SAH never reach the neurosurgeon because they are considered to be "in a bad grade," irrespective of the cause. Even if CT scanning is performed, moderate degrees of hydrocephalus may be overlooked, even though our study indicates that the prognostic implications and the therapeutic dilemmas are often similar to those in patients with more severe degrees of ventricular dilatation.
The clinical manifestations of acute hydrocephalus after SAH have not been systematically studied before. Consciousness was impaired in 30 of our 34 patients, and improved rapidly in those in whom shunts were placed. However, lack of responsiveness after SAH can be caused by various other complications. 4 More spe- Loss of pupillary reflexes was accompanied by downward deviation of the eyes in four of nine patients. These signs (Parinaud's syndrome) are commonly associated with hydrocephalus in infants and have also been reported in adults with subacute obstruction of the Sylvian aqueduct. 5,~5 The syndrome has been attributed by some investigators to compression of the tectal area by dilatation and downward herniation of the suprapineal recess, TM but we have never encountered this phenomenon on CT scans. The most likely explanation of the ocular signs is dysfunction of the periaqueductal gray matter caused by expansion of the rostral part of the aqueduct/5 An obstructive type of hydrocephalus is also suggested by the association with intraventricular but not with cisternal hemorrhage. On the other hand, seven of the 34 patients with acute hydrocephalus showed neither pupillary abnormalities nor detectable intraventricular blood on CT scanning, and cisternographic studies have indicated that blockage of CSF flow in the subarachnoid space is also common, z
The most important finding in our series was the association between acute hydrocephalus and subsequent death from cerebral infarction. This association could not be attributed to the extent of cisternal hemorrhage or to the use of antifibrinolytic drugs. Within the group of patients with acute hydrocephalus, the 11 deaths from infarction were not obviously attributable to the initial degree of ventricular dilatation, the clinical features, or the treatment of hydrocephalus (shunt or no shunt).
A most intriguing explanation for the role of hydrocephalus in producing fatal infarction is offered by the significant correlations between acute hydrocephalus and subsequent hyponatremia, as well as between hyponatremia and death from infarction, whereas infarcts were relatively rare in patients with acute hydrocephalus who did not develop hyponatremia. In a previous report we stressed the possibly deleterious effect of fluid restriction, which was often instituted in our patients with hyponatremia. 2~ This regimen was based on the assumption that hyponatremia is caused by inappropriate secretion of antidiuretic hormone,~3 but a recent study showed a reduction rather than an expansion of plasma volume in these patients. 1~ Fluid restriction may have further decreased a low plasma volume from natriuresis and may have precipitated cerebral infarctionfl ~ The results of the present study imply that ventricular dilatation contributes to the development of hyponatremia, and that it is not always SAH per se that causes the loss of sodium. This notion is supported by some observations in patients with hydrocephalus from other causes. ~'22 It has been suggested that the key event is enlargement of the third ventricle, which would interfere with hypothalamic function. 22 A direct reduction of cerebral blood flow by the enlarged ventricles has been shown in animal experiments 23 and in xenon-inhalation studies of patients with SAH. 8 Such a mechanical effect is consistent with the initial impairment of consciousness as well as with the improvement after spontaneous or surgical drainage. In contrast, a second episode of deterioration that ends in death from infarction might well be caused by a fall in plasma volume. In fact, hyponatremia had developed in five of the seven patients who showed this clinical course and in whom serial measurements of the sodium level were available.
It is difficult to conclude from this study whether surgical drainage of acute hydrocephalus is beneficial. The immediate effect of surgery was invariably impressive, despite a low ventricular pressure at the time of operation in about one-half of the cases. Nevertheless, of the nine patients with shunt placement, four died from subsequent rebleeding and four from infarction. Shunted patients were, on average, in a worse condition than unoperated patients, and it could be expected that the outcome would also be worse in this group. It is more appropriate to limit the comparison to patients with a GCS score of 7 or less, with small fixed pupils, and with a relative ventricular size of more than 1.20. The number of such patients was small, however: all five shunted patients died, compared with two of four unoperated patients (Table 3) . One other study has also concluded that shunting did not improve the outcome. 9 On the other hand, it seems illogical not to treat acute hydrocephalus: the enlarged ventricles may contribute to cerebral infarction indirectly by releasing a natriuretic factor and directly by decreasing cerebral perfusion pressure. In addition, an impaired level of consciousness often leads to a delay of aneurysm surgery and to extracranial complications such as pneumonia and pulmonary embolism. Perhaps the risk of postshunt rebleeding can be minimized by a technique of gradual external drainage. Infarction might be prevented, both in shunted and in unoperated patients, by maintaining an adequate plasma volume.
